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[57] ABSTRACT 

A logic module includes ?rst and second multiplexers each 
having two data inputs and a select input. Both select inputs 
are connected to the output of a tw0~input logic gate of a ?rst 
type. The inputs to the ?rst and second multiplexers com~ 
prise data signals from a ?rst group. One input of each logic 
gate comprises a data signal of n second group and the other 
input of each logic gate comprises a data signal of a third 
group. A third multiplexer has ?rst and second data inputs 
connected the outputs of the ?rst and second multiplexers, 
respectively, and a select input connected to the output of a 
two-input logic gate of a second type. Its output is connected 
to a ?rst data input of a fourth-multiplexer having a HOLDl 
input coupled to its select input. Its output and a CLEAR 
input are presented to an AND gate whose output is con 
nected to the second data input of the fourth multiplexer and 
to the ?rst data input of a ?fth multiplexer. The ?fth 
multiplexer select input comprises a HOLD2 input. Its 
output and the CLEAR input ere presented to an AND gate 
whose output is connected to the second data input of the 
?fth multiplexer and to an output node. The CLEAR, 
HOLDI and HOLD2 inputs comprise combinations of sig 
nals from a data signal of a third group which may contain 
data signals of one of the other groups. 

28 Claims, 5 Drawing Sheets 
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LOGIC MODULE FOR A PROGRAMMABLE 
LOGIC DEVICE 

RELATED APPLICATIONS 

This application is a continuation of application Ser. No. 
08/028,789, ?led Mar. 9, 1993, now U.S. Pat. No. 5,440,245, 
which is a continuation of application Ser. No. 7/773,353, 
?led Oct. 7, 1991, now U.S. Pat. No. 5,198,705, which is a 
continuation of application Ser. No. 07/522,232, ?led May 
11, 1990, now U.S. Pat. No. 5,055,718. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention. 

The present invention relates to digital electronic circuits. 
More speci?cally, the present invention relates to circuits for 
performing logic functions in user-programmable integrated 
circuits, and to circuits for implementing a wide variety of 
user-selectable combinatorial and sequential logic functions. 

2. The Prior Art 

Programmable logic blocks which are capable of perform 
ing a selectable one of a plurality of user-selectable logic 
functions are known in the prior art. U.S. Pat. No. 4,910,417 
to E1 Gamal et al., assigned to the same assignee as the 
present invention, and U.S. Pat. No. 4,453,096 to Le Can et 
al., disclose logic modules composed of multiplexers 
capable of performing a plurality of combinatorial functions. 

While these circuits provide a degre of ?exibility to the 
designer of user-programmable logic arrays, there is always 
a need for improvement of functionality of such circuits. 

BRIEF DESCRIPTION OF THE INVENTION 

In a ?rst aspect of the present invention, a logic module 
is provided having a wide variety of user-con?gurable 
combinational and sequential logic functions. In a ?rst stage 
of a combinatorial section, the logic module includes a ?rst 
and a second two-input multiplexer each having ?rst and 
second data inputs. Both the ?rst and second multiplexer 
include a select input, both of which are connected to the 
output of a two-input logic gate of a ?rst type having ?rst 
and second data inputs. The inputs to the ?rst and second 
two-input multiplexers are sourced with data signals from a 
?rst group. One input of each of the logic gates is sourced 
from a data signal of a second group and the other input of 
each of the logic gates is sourced from a data signal of a third 
group. 

In a second stage of the combinatorial section of the logic 
module, a third two-input multiplexer has its ?rst and second 
data inputs connected the outputs of the ?rst and second 
multiplexers, respectively. A select input of the third two 
input multiplexer is connected to the output of a two-input 
logic gate of a second type having ?rst and second data 
inputs. 

In a ?rst stage of a sequential section of the logic module 
of the present invention, the output of the third two-input 
multiplexer is connected to a ?rst data input of a fourth 
two-input multiplexer having a HOLDI input coupled to its 
select input. Its output and a low active CLEAR input are 
presented to an AND gate whose output is connected to the 
second data input of the fourth two-input multiplexer and to 
the ?rst data input of a ?fth two-input multiplexer in a 
second stage of the sequential section of the logic module of 
the present invention. The select input of the ?fth two-input 
multiplexer is connected to a HOLD2 input. Its output and 
the CLEAR input are presented to an AND gate whose 
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output is connected to the second data input of the ?fth 
two-input multiplexer and to an output node. The CLEAR, 
HOLDl and HOLD2 inputs are de?ned by combinations of 
signals from a data signal of a third group which may 
contain a data signal of one of the other groups. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a logic module according to 
a presently preferred embodiment of the present invention. 

FIG. 2a is a diagram showing a combinatorial circuit for 
generating the CLEAR, HOLDI, and HOLD2 signals for the 
circuit of FIG. 1 from data inputs. 

FIG. 2b is a logic diagram in block form of a presently 
preferred circuit for use in performing the function of the 
circuit of FIG. 2a. 

FIG. 3 is a diagram showing a logic module according to 
a presently preferred embodiment of the invention wherein 
the portions of the logic module shown in FIGS. 1 and 2b 
have been combined. 

FIG. 4 is an equivalent simpli?ed diagram of a ?rst 
illustrative embodiment of the circuit of FIG. 3 wherein the 
sequential portion of the logic module has been con?gured 
as a ?ip-?op. 

FIG. 5 is an equivalent simpli?ed diagram of a second 
illustrative embodiment of the circuit of FIG. 3 wherein the 
sequential portion of the logic module has been con?gured 
as a latch. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

Referring ?rst to FIG. 1, a block diagram of a presently 
preferred embodiment of a logic module according to the 
present invention, a logic module 10 is shown having 
con?gurable combinational and sequential blocks. The com 
binatorial portion of the logic module includes ?rst and 
second sections. A ?rst section of the logic module 10 of the 
present invention includes ?rst and second two-input mul 
tiplexers 12 and 14. First two-input multiplexer includes ?rst 
and second data inputs 16 and 18, select input 20 and output 
22. Second two-input multiplexer has ?rst and second data 
inputs 24 and 26, select input 28 and output 30. Select inputs 
20 and 28 of ?rst and second two-input multiplexers 12 and 
14 are connected to the output 32 of a two-input logic gate 
of a ?rst type 34 having ?rst and second data inputs 50 and 
54. 

Outputs 22 and 30 of ?rst and second two-input multi 
plexers 12 and 14 are connected to data inputs 36 and 38 of 
third two-input multiplexer 40, in a second section of logic 
module 10. Third two-input multiplexer 40 also includes 
select input 42 and output 44. Select input 42 of third 
two-input multiplexer 40 is connected to output 46 of a 
two-input logic gate of a second type 48 having ?rst and 
second data inputs 52 and 56. 
The data inputs 16, 18, 24 and 26 to the ?rst and second 

two-input multiplexers are sourced with data signals from a 
?rst group of data input nodes shown in FIG. 1 as data inputs 
D00, D01, D10, and D11. One input of each of logic gates 
34 and 48 (reference numerals 50 and 52, respectively) is 
sourced from a data signal of a second group shown in FIG. 
1 as data input nodes A0 and A1, respectively, and the other 
input of each of the logic gates (reference numerals 54 and 
56, respectively) is sourced from a data signal of a third 
group shown in FIG. 1 as data input nodes B0 and B1, 
respectively. 
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The logic module 10 of the present invention offers a 
plurality of combinatorial functions having up to eight 
inputs. The function implemented by the circuit of FIG. 1 is: 

The combinatorial functions which may be implemented 
include AND, OR, NAND, NOR, and EX-OR. TABLE I 
shows the implementation of these functions using di?erent 
inputs of the circuit of FIG. 1. 

TABLE I 

5 

4 
second sequential stage. The select input 80 of the ?fth 
two—input multiplexer 78 is connected to a HOLD2 signal 
from a HOLD2 control node. Output 82 of ?fth two-input 
multiplexer 78 and the CLEAR signal are presented to 
inputs 84 and 86 of an AND gate 88 whose output 90 is 
connected to the second data input 92 of the ?fth tw0_input 
multiplexer and to an output node 94. 

In a presently preferred embodiment, the CLEAR, 
HOLD1 and HOLD2 signals are derived by combinatorial 

FUNCTION D00 D01 D10 D11 C1 C2 

NAND !(A ~ B) 

NOR !(A + B) 

AND(A-B) 

OR (A+ B) 

XOR (A~ 18) + (!A - B) 

Those of ordinary skill in the art will further appreciate 
that different gates, such as NAND, NOR, EX-OR gates, 
could be used as well with slightly different results. In 
particular, using all like gates on the select inputs (for 50 
example, all NAN D or NOR gates), increases the number of 
inputs on the functions (AND OR), while using a mix of 
gates on the select inputs (for example NAND on the ?rst 
select input and NOR on the second select input as shown in 
FIG. 1) increases the number of functions which the module 55 
can generate. 

Referring again to FIG. 1, it may be seen that the 
sequential portion of logic module 10 also has two stages. In 
the ?rst sequential stage, the output 44 of the third two-input 
multiplexer 40 is connected to a ?rst data input 58 of a fourth 
two-input multiplexer 60 having its select input 62 driven by 
a HOLD1 signal from a HOLD1 control node. Its output 64 
and a CLEAR signal from a CLEAR control node are 
presented to inputs 66 and 68 of an AND gate 70 whose 
output 72 is connected to the second data input 74 of the 
fourth two-input multiplexer and to the ?rst data input 76 of 
a ?fth two-input multiplexer 78, which forms the input to the 

60 

65 

logic from a set of data input signals. As is shown in FIG. 
2a, data signals from data input nodes C1, C2 and B0 are 
presented to inputs 96, 98, and 100, respectively of logic 
Combining circuit 102 which has control node outputs upon 
which the HOLD1, HOLD2, and CLEAR signals appear, 
respectively. 
The logic combining circuit 102 of FIG. 2a may be any 

logic circuit for combining the three inputs in a manner 
which produces outputs for the HOLD1, HOLD2, and 
CLEAR signals as set forth in the truth table in TABLE 11. 

TABLE 11 

C1 C2 HOLD1 HOLD2 CLRB 

O 0 O 1 BO 
0 1 1 0 B0 
1 O 0 0 1 
1 1 O 1 B0 

FIG. 2b is a logic diagram of a presently preferred 
embodiment of such a circuit. Referring now to FIG. 2b, 
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logic combining circuit 102 includes AND gate 104 with 
inverting input 106 and non-inverting input 108, and output 
110, AND gate 112 with inverting input 114 and noninvert 
ing input 116 and output 118, EXNOR gate 120 with inputs 
122 and 124 and output 126 and OR gate 128 with inputs 
130 and 132 and output 134. C1 input 96 is connected to 
inputs 106 and 116 of AND gates 104 and 112, respectively 
and to input 122 of EXNOR gate 120. C2 input 98 is 
connected to inputs 108 and 114 of AND gates 104 and 112, 
respectively, and to input 124 of EXN OR gate 120. B0 input 
100 is connected to input 132 of OR gate 128. The output 
112 of AND gate 112 is connected to input 130 of OR gate 
128. The output 110 of AND gate 104 is the HOLDl signal, 
the output 126 of EXNOR gate 120 is the HOLD2 signal, 
and the output 134 of OR gate 128 is the clear signal. 
The sequential portion of the logic module of the present 

invention disclosed herein is con?gurable as a rising or 
falling edge ?ip ?op with asynchronous low active clear, a 
transparent low or high latch with asynchronous low active 
clear, or as a transparent ?ow-through element which allows 
only the combinatorial section of the module to be used. All 
latches and ?ip ?ops are non-inverting. 
TABLE III illustrates the sequential functions available, 

from the logic module of the present invention. From 
TABLE III, it can be seen that the sequential functions which 
may be performed include a negative triggered latch with 
low active clear, a positive triggered latch with low active 
clear, a negative triggered ?ip ?op with low active clear, a 
positive triggered ?ip ?op with low active clear and a ?ow 
through mode. As can be seen from FIG. 4, the states of 
inputs A0, D00 and D10 are restricted for positive and 
negative triggered latches. A0 must equal 1 and both D00 
and D10 must equal 0 in order for the output to be low when 
the latch is in transparent mode and the clear input is active. 

TABLE III 

RE. 
C1 C2 FUNCTION !CLEAR STRICT IONS 

O CLK Rising Edge Flip Flop BO None 
CLK 1 Falling Edge Flip Flop BO None 

1 CLK High Latch with Clear B0 A0 = 1; 
D00, D10 = O 

CLK 0 Low Latch with Clear B0 A0 = 1; 
D00, D10 = O 

l CLK High Latch — B0 = l 

CLK 0 Low latch — B0 = l 

l 0 Transparent — None 

The two-input multiplexers and other logic components of 
the logic module of the present invention may be fabricated 
using conventional MOS and CMOS technology. 

Referring now to FIG. 3 the circuits of FIGS. 1 and 2b are 
shown combined into a single schematic diagram of a logic 
module according to a preferred embodiment of the present 
invention. Using the disclosure and the Tables included 
herein, it may be seen that, for example, module 10 may be 
con?gured to include a rising edge ?ip ?op as the sequential 
element by placing a logic zero at input C-l, using input C2 
as a clock, and using input B0 as a low-active clear input. 
Similarly, the sequential portion of module 10 may be 
con?gured as a high-logic or low-logic triggered latch as 
described in Table 111. These examples are, of course, merely 
illustrative, and those of ordinary skill in the art will 
recognize from the description herein that numerous other 
sequential circuit con?gurations may be realized. 

For the illustrative ?ip-?op example given above, it will 
be apparent to those of ordinary skill in the art that the circuit 
of FIG. 3 may be redrawn as shown in FIG. 4, with the 
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6 
sequential portion of module 10 shown schematically as 
equivalent ?ip-?op 140. Flip-?op 140 includes a data input 
142 connected to output 44 of third multiplexer 40. Flip-?op 
140 also includes Q output 144, clock (CLK) input 146, and 
low-active clear (ICLR) input 148. It may be also seen that 
both the gates 34 and 48 of the combinational portion of the 
module 10 have been represented as AND gates, instead of 
as one AND gate 34 and one OR gate 48 as shown in FIGS. 
1 and 3. As previously stated herein, those of ordinary skill 
in the art will recognize that the types of gates to use for 
gates 34 and 48 depends on the particular circuit needs 
encountered. 
As previously mentioned herein and using the disclosure 

and the Tables included herein, those of ordinary skill in the 
art will appreciate that, for example, module 10 may be 
con?gured to include a high or low logic triggered latch as 
the sequential element by placing a logic one at input C1, 
using input C2 as a clock, and using input B0 as a low-active 
clear input. 

For the illustrative latch example (three other similar latch 
examples are given in Table HI), it will be apparent to those 
of ordinary skill in the art that the circuit of FIG. 3 may be 
redrawn as shown in FIG. 5, with the sequential portion of 
module 10 shown schematically as equivalent latch 150. 
Latch 150 includes a data input 152 connected to output 44 
of third multiplexer 40. Latch 150 also includes Q output 
154, latch input 156, and low-active clear (ICLR) input 158. 

While presently-preferred embodiments of the present 
invention have been disclosed herein, those of ordinary skill 
in the art will be enabled, from the within disclosure, to 
con?gure embodiments which although not expressly dis 
closed herein nevertheless fall within the scope of the 
present invention. It is therefore, the intent of the inventors 
that the scope of the present invention be limited only by the 
appended claims. 
What is claimed is: 
1. A logic block of a ?eld programmable gate array 

comprising: 
a ?rst Boolean logic gate comprising a ?rst input, a 

second input and an output; 
a ?rst multiplexer comprising a ?rst input, a second input, 

and an output, and having said output of said ?rst 
Boolean logic gate as a select input; 

a second multiplexer comprising a ?rst input, a second 
input, and an output; 

a second Boolean logic gate comprising a ?rst input, a 
second input and an output; and 

a third multiplexer comprising as a ?rst input said output 
of said ?rst multiplexer, having as a second input said 
output of second multiplexer, and having said output of 
said second Boolean logic gate as a select input. 

2. The logic block of claim 1 wherein said second 
multiplexer has said output of said ?rst Boolean logic gate 
as a select input. 

3. The logic block of claim 1 wherein said ?rst Boolean 
logic gate is an AND gate and said second Boolean logic 
gate is an OR gate. 

4. The logic block of claim 1 wherein said ?rst Boolean 
logic gate is an AND gate and said second Boolean logic 
gate is an AND gate. 

5. The logic block of claim 1 wherein said ?rst Boolean 
logic gate is a NAND gate and said second Boolean logic 
gate is a NAND gate. 

6. The logic block of claim 1 wherein said ?rst Boolean 
logic gate is a EXCLUSIVEOR gate and said second 
Boolean logic gate is a EXCLUSIVE-OR gate. 
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7. The logic block of claim 1 wherein said ?rst Boolean 
logic gate functions as an AND gate and said second 
Boolean logic gate functions as an AND gate. 

8. A logic block of a ?eld programmable logic device 
comprising: 

a ?rst Boolean logic gate comprising a ?rst input, a 
second input and an output; 

a ?rst multiplexer comprising a ?rst input, a second input, 
a select input and an output, said output of said ?rst 
Boolean logic gate presented at said select input; 

a second multiplexer comprising a ?rst input, a second 
input, a select input and an output, said output of said 
?rst Boolean logic gate presented at said select input; 

a second Boolean logic gate comprising a ?rst input, a 
second input and an output; 

a third multiplexer comprising as a ?rst input said output 
of said ?rst multiplexer, said third multiplexer further 
comprising as a second input said output of second 
multiplexer, said output of said second Boolean logic 
gate presented at a select input if said third multiplexer; 
and 

a con?gurable sequential logic module comprising as an 
input said output of said third multiplexer. 

9. The logic block of claim 8 wherein said ?rst Boolean 
logic gate is an AND gate and said second Boolean logic 
gate is an OR gate. 

10. The logic block of claim 8 wherein said ?rst Boolean 
logic gate functions as an AND gate and said second 
Boolean logic gate functions as an AND gate. 

11. The logic block of claim 8 wherein said ?rst input of 
said ?rst multiplexer is sourced with a data signal from a ?rst 
data node. 

12. The logic block of claim 11 wherein said ?rst data 
node is an input/output pad of the ?eld programmable logic 
device. 

13. A ?eld programmable logic device comprising: 
a ?rst logic block comprising: 

ar?rst Boolean logic gate comprising a ?rst input, a 
second input and an output; 

a ?rst multiplexer comprising a ?rst input, a second 
input, and an output, and having said output of said 
?rst Boolean logic gate as a select input; 

a second multiplexer comprising a ?rst input, a second 
input, and an output, and having said output of said 
?rst Boolean logic gate as a select input; 

a second Boolean logic gate comprising a ?rst input, a 
second input and an output; 

a third multiplexer comprising as a ?rst input said 
output of said ?rst multiplexer, comprising as a 
second input said output of second multiplexer, and 
having said output of said second Boolean logic gate 
as a select input; and 

a con?gurable sequential element comprising as an 
input said output of said third multiplexer; 

a second logic block comprising: 
a third Boolean logic gate comprising a ?rst input, a 

second input and an output; 
a fourth multiplexer comprising a ?rst input, a second 

input, and an output, and having said output of said 
third Boolean logic gate as a select input; 

a ?fth multiplexer comprising a ?rst input, a second 
input, and an output, and having said output of said 
third Boolean logic gate as a select input; 

a fourth Boolean logic gate comprising a ?rst input, a 
second input and an output; 

a sixth multiplexer comprising as a ?rst input said 
output of said fourth multiplexer, comprising as a 
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8 
second input said output of ?fth multiplexer, and 
having said output of said fourth Boolean logic gate 
as a select input; and 

a con?gurable sequential element comprising as an 
input said output of said third multiplexer. 

14. The ?eld programmable logic device of claim 13 
wherein said ?rst input of said fourth multiplexer is sourced 
with a data signal from a ?rst data node. 

15. The ?eld programmable logic device of claim 14 
wherein said ?rst data node is located at said ?rst input to 
said ?rst multiplexer. 

16. A logic block comprising: 
a ?rst multiplexer comprising a ?rst input, a second input, 

a select input and an output; 

a second multiplexer comprising a ?rst input, a second 
input, a select input and an output; 

a third multiplexer comprising a ?rst input in electrical 
communication with said output of said ?rst multi 
plexer, a second input in electrical communication with 
said output of said second multiplexer, a select input 
and an output; 

a ?rst AND gate comprising a ?rst input and a second 
input and an output, said output of said ?rst AND gate 
in electrical communication with said select input of 
said ?rst multiplexer; and 

a second AND gate comprising a ?rst input, a second 
input and an output, said output of said second AND 
gate in electrical communication with said select input 
of said third multiplexer. 

17. A logic block comprising: 
a ?rst multiplexer comprising a ?rst input, a second input, 

a select input and an output; 
a second multiplexer comprising a ?rst input, a second 

input a select input and an output; ‘ 

a third multiplexer comprising a ?rst input connected to 
said output of said ?rst multiplexer, a second input 
connected to said output of said second multiplexer, a 
select input and an output; 

a ?rst Boolean logic gate comprising a ?rst input and a 
second input and an output, said output of said ?rst 
Boolean logic gate connected to said select input of 
said ?rst multiplexer and said select input of said 
second multiplexer; and 

a second Boolean logic gate comprising a ?rst input, a 
second input and an output, said output of said second 
Boolean logic gate connected to said select input of 
said third multiplexer. 

18. The logic block of claim 17 wherein said ?rst Boolean 
logic gate is an AND gate and said second Boolean logic 
gate is an OR gate. 

19. The logic block of claim 17 wherein said ?rst Boolean 
logic gate is an AND gate and said second Boolean logic 
gate is an AND gate. 

20. The logic block of claim 17 wherein said ?rst Boolean 
logic gate is a NAND gate and said second Boolean logic 
gate is a NAND gate. 

21. The logic block of claim 17 wherein said ?rst Boolean 
logic gate is an EXCLUSIVE-OR gate and said second 
Boolean logic gate is an EXCLUSIVE-OR gate. 

22. A logic block comprising: 
a ?rst multiplexer comprising a ?rst input, a second input, 

a select input and an output; 

a second multiplexer comprising a ?rst input, a second 
input a select input and an output; 

a third multiplexer comprising a ?rst input directly con 
nected to said output of said ?rst multiplexer, a second 
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input directly connected to said output of said second 
multiplexer, a select input and an output; 

a ?rst Boolean logic gate comprising a ?rst input and a 
second input and an output, said output of said ?rst 
Boolean logic gate directly connected to said select 5 
input of said ?rst multiplexer; and 

a second Boolean logic gate comprising a ?rst input, a 
second input and an output, said output of said second 
Boolean logic gate directly connected to said select 
input of said third multiplexer. 

23. The logic block of claim 22 wherein said ?rst Boolean 
logic gate is an AND gate and said second Boolean logic 
gate is an OR gate. 

24. The logic block of claim 22 wherein said ?rst Boolean 
logic gate is an AND gate and said second Boolean logic 
gate is an AND gate. 

25. The logic block of claim 22 wherein said ?rst Boolean 
logic gate is a NAND gate and said second Boolean logic 
gate is a NAND gate. 

26. The logic block of claim 22 wherein said ?rst Boolean 
logic gate is a EXCLUSIVE-OR gate and said second 
Boolean logic gate is a EXCLUSIVE-OR gate. 
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27. The logic block of claim 22 wherein said select input 

of said second multiplexer is directly connected to said 
output of said ?rst Boolean logic gate. 

28. A logic block comprising: 

a ?rst multiplexer comprising a ?rst input, a second input, 
a select input and an output; 

a second multiplexer comprising a ?rst input, a second 
input a select input and an output; 

a third multiplexer comprising a ?rst input directly con 
nected to said output of said ?rst multiplexer, a second 
input directly connected to said output of said second 
multiplexer, a select input and an output; 

a ?rst data node, said ?rst data node connected to said 
select input of said ?rst and second multiplexers by a 
?rst Boolean logic gate; and 

a second data node, said second data node connected to 
said select input of said third multiplexer by a second 
Boolean logic gate. 

***** 


